Background -Several risk factors for the development of hepatotoxicity during short course antituberculosis therapy have been suggested. A case-control study was undertaken to assess the role of age, sex, disease extent, nutritional status, past history of liver disease, infection with hepatitis viruses, acetylator status, and high alcohol intake as risk factors in the development of hepatotoxicity in patients with pulmonary tuberculosis receiving antituberculosis treatment. Methods -The cases comprised 86 consecutive patients who were diagnosed as having hepatitis induced by antituberculosis drugs and who were negative for any of the hepatitis markers (HAVIgM, HBsAg, HBc-IgM, and anti-HCV). The control group comprised 406 consecutive patients attending the chest clinic who completed antituberculosis treatment without developing hepatitis. The variables analysed were age, sex, body mass index (BMI), history of high alcohol intake, radiological extent of the disease, acetylator status, and serum proteins.
Tuberculosis continues to be a major health problem in both the developing and developed countries because of its resurgence in immunosuppressed patients.'2 Short course chemotherapy containing rifampicin and isoniazid in combination has proved to be highly effective in the treatment of tuberculosis, but one of its adverse effects is hepatotoxicity. The mechanism of hepatotoxicity together with the risk factors that may predispose to its development are still not clearly understood. Wide variations have been found in the reported incidence of hepatotoxic reactions during short course chemotherapy. Studies from India3`6 have reported a much higher risk of hepatotoxicity than reports from the west79 using similar regimens. From an analysis of the pooled data from four prospective Indian studies36 we calculated the risk of hepatitis to be 11 5% (95% confidence interval (CI) 9 51 to 13 .51), whereas a meta-analysis'" of 14 published studies from the west found the risk to be 4-28% (95% CI 3-38 to 5 28). The reasons for this higher incidence of hepatotoxic reactions in India are not clear. It has been suggested that an apparently higher incidence of hepatitis in patients receiving antituberculosis therapy in India may be due to viral hepatitis which is particularly prevalent in developing countries.31' Furthermore for dichotomous variables (high alcohol intake, acetylator status, extensive disease). Cornfield 95% confidence limits were computed using the EpiInfo 6 program.
Results
The male/female ratio in the cases was 1 26 compared with 1 90 in the controls (p=NS) and the age ranged from 15 to 70 years with a mean (SD) of 39'0 (16&2) in the cases and 31-6 (14'5) in the controls (p<0-001). The nutritional status as assessed by body mass index was similar in the two groups (cases 18d1 (4K1), controls 18-6 (4 0)) (table 1). Baseline liver function tests were assessed before treatment in all the controls and in a variable number of cases, 28 of whom were being followed up at the chest clinic (table 2). In the remaining cases the levels were obtained after they were admitted to the hospital with jaundice (table  3) . The cases had slightly lower serum albumin ,umol/l). In the control group 41d1% had a peak elevation of SGOT in the range 38-80 U/1, 9-6% in the range 81-120 U/ 1, and 3-7% in the range 121-150 U/1. Ten cases (11'6%) and 44 controls (10 8%) had a past history of hepatitis, but this difference was not statistically significant. The proportion of patients with a high alcohol intake was significantly higher amongst the cases than the controls (1 9 8% versus 4 9%; OR=4-76, 95% CI 2-25 to 10-05; p<0-001) (table 5).
The disease extent was also a significant risk factor for the development of hepatitis, with 14% of the cases having extensive disease but only 3-5% of the controls (OR=4-54, 95% CI 1b88 to 10-93, p<0001). Four of the cases (4 6%) and six of the controls (1-5%) had miliary shadows on their radiographs. The presence of miliary tuberculosis was not associated with any increased risk for the development of hepatitis.
The acetylator status was assessed in 47 cases and 285 controls (table 5) , and the ratio of slow to fast acetylators in the two groups was 5 0 and 2-0, respectively. This difference was statistically significant (OR= 272; 95% CI 1-16 to 6-57, p<0-01). There were more slow acetylators in both groups.
Of the 86 cases who developed antituberculosis treatment-induced hepatitis, five (6%) died of fulminant hepatic failure. Two of these five cases were being treated at our hospital and neither had abnormal liver function tests before starting treatment. There were no deaths in the control group.
Discussion
The development of drug-induced hepatitis during chemotherapy for tuberculosis is ofgreat concern as it necessitates cessation or modification of treatment. Steele et all' reported in a meta-analysis that isoniazid and rifampicin given together produce hepatotoxicity more frequently than isoniazid alone. Wide variations in the incidence ofhepatotoxic reactions during isoniazid and rifampicin therapy have been reported. The relatively higher incidence ofhepatotoxicity in the developing countries has been attributed to various factors such as older age, higher alcohol intake, malnutrition, intestinal parasitism, past history of jaundice, chronic liver disease, indiscriminate use of drugs, and viral hepatitis.2' There is no consensus as to which one of these factors, whether alone or in combination, is involved in the development of drug-induced hepatitis and whether any could be used as markers to identify patients at higher risk. It would be advantageous to identify this high risk group as toxic hepatitis complicates the management of tuberculosis. Once identified these patients can be monitored carefully for hepatotoxicity as antituberculosis treatment-induced hepatitis causes a mortality of 6-12% if the drugs are continued after the onset of symptoms. 22 Our finding that hepatitis induced by antituberculosis treatment is more frequent in older patients (p<0-001) is in agreement with earlier studies'2 where the risk of antituberculosis treatment-induced hepatitis increases with age and the highest incidence occurs in individuals above 50 years. Moreover, women appeared to develop hepatitis more commonly (44% compared with 34% in the non-hepatitis group), although this difference was not significant. Others'316 have also reported a female preponderance amongst those developing hepatitis.
Poor nutritional status has been considered to be one of the factors contributing to the high incidence of hepatitis induced by short course chemotherapy for tuberculosis in the developing countries. Mehta et al6 have reported a threefold greater incidence of hepatotoxicity in malnourished children with a regimen containing rifampicin and isoniazid. In our study the BMI of the cases and controls was similar. However, the serum albumin was significantly lower in the cases during hepatitis than in the controls (p<0-001). There was no significant difference in the serum albumin among the patients with extensive or limited disease. It appears that undernutrition as identified by hypoalbuminaemia may in itself be a risk factor for drug-induced liver injury. The possibility that hypoalbuminaemia was caused partly by the development of hepatitis itself cannot be ruled out. However, the duration of the illness at the time of inclusion in the study was 1-10 days, and it is unlikely that this brief illness would have resulted in hypoalbuminaemia. The pretreatment serum albumin levels in the 35 cases in whom the results were available were lower than in the controls, but this difference was not significant.
In agreement with earlier reported data, '3 high alcohol intake was a significant risk factor for the development of drug-induced hepatitis. High alcohol intake was recorded in 19-8% of the cases compared with 4 9% of the controls (p<0001), indicating that consumers of high alcohol are more prone to develop hepatotoxicity. The disease extent was also a significant risk factor for the development of hepatitis, with 12 of the 86 cases (14-0%) having extensive disease but only 14 of the 406 controls (3-5%).
The drug regimens used for the cases and controls were different, with pyrazinamide being used more often in the treatment of the cases than in the controls. At the beginning of the study three drug regimens using RHE were popular for patients with limited disease at our hospital, with RHEZ being used for patients with more extensive disease. With increasing emergence of initial resistance to one or more drugs in India, it is now considered advisable to use RHEZ for all patients unless contraindicated.23 Furthermore, patients (cases and controls) with extensive disease were also more likely to have received regimens containing pyrazinamide (OR= 3-18; 95% CI 1-34 to With regard to acetylator status and the risk of developing hepatitis, the reported data show no consensus. Both fast and slow acetylators have been reported to be more prone to developing hepatotoxicity on short course chemotherapy.31718 We observed the ratio of slow to fast acetylators in cases and controls to be 5 0 and 2-0, a difference which was statistically significant, and suggests that the risk of developing hepatitis is greater among slow acetylators. Ours was a case-control study in patients admitted to hospital with clinical jaundice, whereas the observations made by Gurumurthy et al'7 and Parthasarthy et al' were based on prospective cohort studies from a large study on south Indian patients with tuberculosis. The severity ofjaundice in these studies is different, with our patients being more ill and requiring admission to hospital for their hepatitis. It is therefore possible that the slow acetylator phenotype may predispose to more severe forms of hepatotoxic reactions with antituberculous drugs. In many cases the acetylator status could not be determined as they were too ill at the time of registration.
This study excludes all patients who developed viral hepatitis during antituberculosis treatment, although the possibility that a few ofthem had viral hepatitis that was not detected by the serological tests used cannot be excluded. Serological markers were evaluated only for hepatitis A, B, and C virus. Kumar et al" and Turktas et al5 concluded that the reported high incidence of drug-induced hepatitis in developing countries was, to a significant extent, attributable to these viral infections.
Being a case-control study, we are in no position to comment on the risk of the development of hepatitis in patients given antituberculous drug regimens containing rifampicin and isoniazid, but the development of drug-induced hepatitis appears to be influenced by the risk factors discussed here. Our findings suggest that older patients with low serum albumin levels, greater disease extent, slow acetylator phenotype, and with a higher alcohol consumption have a higher risk for the development of drug-induced hepatotoxicity. The risk of developing hepatitis in the presence of one or more of these factors may be appreciably higher. Some of the risk factorsnamely, high alcohol intake, extensive disease possibly with dissemination to the liver, and hypoalbuminaemia -appear to be interrelated and may ultimately influence the hepatic metabolism of drugs such as isoniazid and rifampicin, thereby enhancing their hepatotoxicity.
Prospective studies on large numbers of patients are necessary to substantiate the findings of this case-control study.
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